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A B S T R A C T

Purpose
Cardiovascular diseases (CVDs), including ischemic heart disease, stroke, and heart failure, are well-
established late effects of therapy in survivors of childhood and young adult (, 40 years at diagnosis)
cancers; less is known regarding CVD in long-term survivors of adult-onset ($ 40 years) cancer.

Methods
A retrospective cohort study design was used to describe the magnitude of CVD risk in 36,232 $
2-year survivors of adult-onset cancer compared with matched (age, sex, and residential ZIP code)
noncancer controls (n = 73,545) within a large integrated managed care organization. Multivariable
regression was used to examine the impact of cardiovascular risk factors (CVRFs; hypertension,
diabetes, dyslipidemia) on long-term CVD risk in cancer survivors.

Results
Survivors of multiple myeloma (incidence rate ratio [IRR], 1.70; P , .01), carcinoma of the lung/
bronchus (IRR, 1.58; P , .01), non-Hodgkin lymphoma (IRR, 1.41; P , .01), and breast cancer (IRR,
1.13; P , .01) had significantly higher CVD risk when compared with noncancer controls. Con-
versely, prostate cancer survivors had a lower CVD risk (IRR, 0.89; P, .01) compared with controls.
Cancer survivors with two or more CVRFs had the highest risk of CVD when compared with
noncancer controls with less than two CVRFs (IRR, 1.83 to 2.59; P, .01). Eight-year overall survival
was significantly worse among cancer survivors who developed CVD (60%) when compared with
cancer survivors without CVD (81%; P , .01).

Conclusion
The magnitude of subsequent CVD risk varies according to cancer subtype and by the presence of
CVRFs. Overall survival in survivors who develop CVD is poor, emphasizing the need for targeted
prevention strategies for individuals at highest risk of developing CVD.

J Clin Oncol 34:1122-1130. © 2016 by American Society of Clinical Oncology

INTRODUCTION

There are an estimated 14 million cancer survi-
vors living in the United States today, and this
number is expected to reach 19 million by
2024.1-3 Among these cancer survivors, two thirds
will have survived more than 5 years beyond their
cancer diagnosis, and two of every five survivors
will be considered a 10-year survivor, con-
tributing to a growing population of aging cancer
survivors.1-3 In the general US population, car-
diovascular disease (CVD; ischemic heart disease,
stroke, or heart failure) is a leading cause of
morbidity and mortality, and cardiovascular risk
factors (CVRFs; diabetes, hypertension, dyslipi-
demia) are well-established modifiers of disease

risk.4 Research in childhood5 and young adult
(, 40 years of age at diagnosis)5,6 cancer survi-
vors has found a substantially higher risk of CVD
when compared with the general population; this
is largely attributable to exposure to cardiotoxic
therapies (eg, anthracyclines, chest radiation) at a
young age and emergence of new CVRFs later in
life.5,6 Less is known regarding the magnitude of
CVD risk in individuals diagnosed with cancer at
an older age ($ 40 years), a population that
accounts for 95% of new cancer diagnoses in the
United States and has a high prevalence of
CVRFs.1,2

Studies examining cardiovascular outcomes
in survivors of adult-onset cancers in the United
States have, for the most part, focused on adverse
events reported on clinical trials,7-10 which may
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not be generalizable to the large proportion of patients with cancer
treated in the community, or have used public administrative
databases focused specifically on patients $ 65 years old.11-14

Importantly, studies have often described short-term risk as
defined by less than 3 years9,15-17 and have not included noncancer
comparisons.7,18-21 To address these limitations, we used a ret-
rospective cohort study design to define the risk of CVD in a large
population of cancer survivors and controls who were members of
Kaiser Permanente Southern California (KPSC), which is an
integratedmanaged care organization that provides comprehensive
primary and subspecialty care to over 3.6 million individuals who
are broadly representative of the residents in southern California.22

METHODS

Study Population
The KPSC SEER-affiliated cancer registry was used to identify

potentially eligible members for the cancer survivor cohort. Eligibility
criteria included the following: diagnosis of cancer at KPSC between 2000
and 2007; age 40 years or older at cancer diagnosis; and survived for at least
2 years (index date) after cancer diagnosis. Cancer survivors were excluded
(Data Supplement) if they had less than 1 year of KPSCmembership before
index date; were diagnosed with a rare (, 1% prevalence) primary cancer,
or were diagnosed with another cancer before the index date. In addition,
because we intended to describe the incidence of late-occurring CVD after
completion of therapy, individuals who had developed CVD before the
index date were also excluded.

KPSC members without a history of cancer were individually
matched (2:1) to cancer survivors by age, sex, and residential ZIP code.
Within these matching strata, controls were randomly sampled from the
pool of KPSC members who met the following eligibility criteria: had to
have at least 1 year of KPSC membership before the corresponding index
year for matched cancer survivors, survived and remained a KPSCmember
until or beyond the index date (ie, 2 years after), and had no history of
CVD at the corresponding index date. Control participants were sampled
without replacement.

Study participants were observed until the diagnosis of CVD, death,
or termination of KPSC membership, whichever came first; date of last
follow-up was December 31, 2012. This study was approved by KPSC’s
Institutional Review Board, which waived the requirement for informed
consent.

Data Collection
Medical information on cancer survivors and controls was obtained

using KPSC’s electronic health records system, which accounts for all
inpatient and outpatient encounters for its members; this includes
membership characteristics, laboratory tests, clinical diagnoses, and
medical procedures, linkable through a unique member identifier. Indi-
viduals were coded as having CVD if they had two or more outpatient
diagnoses on separate days or one inpatient diagnosis or if CVD was the
primary cause of death. The International Classification of Diseases (ICD)
9th revision (ICD-9; inpatient and outpatient diagnoses) and 10th revision
(ICD-10; death as a result of CVD) codes were used to identify the
composite primary outcome of CVD, which included ischemic heart
disease (ICD-9 410-414, V45.81/82, 00.66, 36; ICD-10 I20-25), stroke
(ICD-9 430-435, 00.61-00.65, 38.1, 39.74; ICD-10 I60-79), and
cardiomyopathy/heart failure (ICD-9 425, 428, V42.1, 37.51; ICD-10 I30-
I52; Data Supplement). Covariates hypothesized to influence risk of CVD
were captured from medical records and KPSC’s cancer registry, including
demographics characteristics (age, sex, race/ethnicity), cancer character-
istics (site/histology, stage), presence of conventional CVRFs (diabetes,
hypertension, dyslipidemia), and other risk factors such as smoking and

overweight/obesity. Information on race/ethnicity was missing in 11.5% of
noncancer controls; missing information was imputed using the Bayesian
Improved Surname Geocoding method.23,24

Diabetes was defined per an algorithm developed by KPSC’s case
management system, which uses a combination of ICD-9 codes (250,
357.2, 362.0, 366.41, and 648.0), laboratory test results, and prescription
medications (Data Supplement). Hypertension and dyslipidemia were
captured using a combination of ICD-9 codes (401 to 405, 272.0 to 272.4)
and documentation of receipt of medications for these conditions (Data
Supplement). An individual was noted to have multiple CVRFs if they had
two or more of the following: hypertension, diabetes, or dyslipidemia.
Information on smoking (ever/never smoking at index date) and
overweight/obesity relied on ICD-9 codes (smoking: 305.1, V15.82, V68.9,
V65.42; overweight/obesity: 278, V85.0 to V85.4) and KPSC’s internal
social history and vital sign tables, respectively.25 Date and cause of death
were obtained from KPSC’s membership records, state death files, and
national Social Security death files.

Statistical Analysis
Cancer survivor versus noncancer controls. Descriptive statistics for

demographics, follow-up time, and prevalence of CVRFs were generated
for cancer survivors and the noncancer controls. Cumulative incidence of
CVD was calculated taking into consideration competing risk of non-
CVD–related death.26 Gray’s test was used to compare cancer survivors and
the noncancer controls. Incidence rates for CVD (overall and by CVD
subtype [cardiomyopathy/heart failure, ischemic heart disease, stroke])
were calculated using person-time at risk. Crude incidence rate ratio (IRR)
was derived by dividing the CVD incidence rate for cancer survivors by the
rate for noncancer controls. Multivariable time-dependent Poisson
regression was used to derive adjusted IRR, accounting for age, sex, race/
ethnicity, diabetes (yes v no), hypertension (yes v no), dyslipidemia (yes v
no), smoking (ever v never), and overweight/obesity (yes v no); diabetes,
hypertension, and dyslipidemia were adjusted in a time-dependent
manner. Bonferroni adjustment was performed to account for multiple
comparisons, and P, .003 (.05/15) was considered statistically significant.
The following additional analyses were considered exploratory: exami-
nation of risk by CVD subtype; risk by cancer stage (survivors with
nonhematologic malignancies; see Data Supplement for rationale); and
examination of the interaction between CVRFs and cancer history. For the
latter, we created a multivariable regression model that included the
following categories: noncancer control with less than two CVRFs (referent
group), cancer survivor with less than two CVRFs, noncancer control with
two or more CVRFs, and cancer survivor with two or more CVRFs.

Survival analysis. Kaplan-Meier survival curves were generated for
cancer survivors and noncancer controls, stratified by CVD status. Among
cancer survivors, multivariable time-dependent Cox regression analyses
were performed to examine the risk of death among individuals with and
without CVD, adjusting for age, sex, race/ethnicity, and cancer stage
(model 1). These analyses were further adjusted for CVRFs, overweight/
obesity, and smoking history (model 2). All analyses were performed using
SAS Version 9.3 (SAS Institute, Cary, NC).

RESULTS

The clinical characteristics of cancer survivors (n = 36,232) and the
noncancer controls (n = 73,545) are listed in Table 1. For cancer
survivors, median age at diagnosis was 60 years (range 40 to
96 years), and the most common diagnoses were prostate cancer
(30.2%), breast cancer (28.8%), colon cancer (7.2%), and mela-
noma (6.0%). As of December 31, 2012, median follow-up from
index date for the cancer survivor cohort was 4.4 years (range, 0 to
8 years), providing 162,487 person-years of follow-up. Among 5-
year cancer survivors, 5-year KPSC membership retention rate was
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81%; for 10-year survivors, the 10-year retention rate was 70%.
The median number of consecutive years of KPSC membership
before the index date was 13.1 years (range, 1 to 60 years).

Cancer survivors, compared with controls, were significantly
more likely to have hypertension (65.9% v 59.5%, respectively;
P , .01), diabetes (23.4% v 21.5%, respectively; P , .01), and
dyslipidemia (57.9% v 55.9%, respectively; P,.01); be overweight/
obese (43.4% v 35.4%, respectively; P, .01); and have a history of
smoking (32.7% v 21.1%, respectively; P , .01; Table 1).

CVD Risk: Cancer Survivors Versus Noncancer Controls
Multivariable regression analysis found a greater risk of CVD in

survivors ofmultiplemyeloma (IRR, 1.70; P,.01), carcinoma of the

lung/bronchus (IRR, 1.58; P, .01), non-Hodgkin lymphoma (IRR,
1.41; P , .01), ovarian cancer (IRR, 1.41; P = .02), kidney cancer
(IRR, 1.24; P = .03), and breast cancer (IRR, 1.13; P , .01) when
compared with noncancer controls (Table 2). The increased risk in
survivors of ovarian and kidney cancer was not considered sta-
tistically significant after adjusting for multiple comparisons
(Table 2). Cumulative incidence curves mirrored the findings from
the multivariable regression analysis, with significantly increased
8-year incidence of CVD among survivors of multiple myeloma,
non-Hodgkin lymphoma, kidney cancer, and breast cancer (Data
Supplement). In exploratory analysis, presence of multiple (two or
more) CVRFs was associated with the highest risk of CVD among
cancer survivors, when compared with noncancer controls with
less than two CVRFs (IRR, 1.83 to 2.59; P , .01; Table 3).

Table 1. Study Participant Characteristics

Characteristic
Cancer Survivors*

(N = 36,232)
Noncancer Controls*

(N = 73,545) P

Age at diagnosis, years —

Median 60 60
Range 40.0-96.0 40.0-96.0

Sex, No. (%) —

Female 19,055 (52.6) 39,225 (53.3)
Male 17,177 (47.41) 34,320 (46.7)

Race/ethnicity, No. (%) , .01
Non-Hispanic white 23,395 (64.6) 35,087 (47.7)
Hispanic 5,063 (14.0) 15,234 (20.8)
Black 4,683 (12.9) 7,626 (10.4)
Asian/Pacific Islander 3,019 (8.3) 6,379 (8.7)
Other/unknown 72 (0.2) 9,129 (12.4)

Follow-up time from index date, years , .01
Median 4.4 4.5
Range 0-8.0 0-8.0

Hypertension, No. (%)† , .01
No 12,344 (34.1) 29,790 (40.5)
Yes 23,888 (65.9) 43,755 (59.5)

Diabetes, No. (%)† , .01
No 27,745 (76.6) 57,719 (78.5)
Yes 8,487 (23.4) 15,826 (21.5)

Dyslipidemia, No. (%)† , .01
No 15,257 (42.1) 32,408 (44.1)
Yes 20,975 (57.9) 41,137 (55.9)

Overweight/obese, No. (%)† , .01
No 20,502 (56.6) 47,497 (64.6)
Yes 15,730 (43.4) 26,048 (35.4)

Smoking, No. (%)† , .01
Never 24,368 (67.3) 58,045 (78.9)
Ever 11,864 (32.7) 15,500 (21.1)

Cancer type, No. (%)
Bladder 509 (1.4) — —

Breast 10,429 (28.8) — —

Chronic lymphocytic leukemia 519 (1.4) — —

Colon 2,601 (7.2) — —

Kidney 1,009 (2.8) — —

Lung and bronchus 1,195 (3.3) — —

Melanoma 2,186 (6.0) — —

Multiple myeloma 394 (1.1) — —

Non-Hodgkin lymphoma 1,524 (4.2) — —

Ovarian 814 (2.3) — —

Prostate 10,932 (30.2) — —

Rectum/rectosigmoid 1,299 (3.6) — —

Thyroid 1,060 (2.9) — —

Uterus 1,761 (4.9) — —

*Group matching criteria: age (yearly), sex, and ZIP code.
†At index date.
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Prostate cancer survivors had a lower CVD risk (IRR, 0.89;
P , .01), and survivors of bladder cancer, chronic lymphocytic
leukemia, colon cancer, melanoma, rectum/rectosigmoid cancer,
thyroid cancer, or uterine cancer were not at an increased risk of CVD
(Table 2). Exploratory analysis by cancer stage at diagnosis revealed
an incremental risk by stage among breast, kidney, carcinoma of
lung/bronchus, and ovarian cancer survivors (Table 4). Among
prostate cancer survivors, the overall decreased risk of CVD was
abrogated in individuals with advanced (stage IV) disease (Table 4).

Exploratory analysis by CVD subtype revealed a significantly
increased risk of cardiomyopathy/heart failure among survivors of
breast cancer, carcinoma of the lung/bronchus, chronic lympho-
cytic leukemia, multiple myeloma, and non-Hodgkin lymphoma
(IRR, 1.35 to 2.52; P , .05; Data Supplement). There was an
increased risk of ischemic heart disease in survivors of multiple
myeloma and non-Hodgkin lymphoma (IRR, 1.35 to 1.54; P,.01)
and a decreased risk among prostate cancer survivors (IRR, 0.86;
P , .01; Data Supplement). The risk for stroke was increased in
survivors of ovarian cancer and carcinoma of the lung/bronchus
(IRR, 1.64 to 1.85; P , .01) and was decreased among prostate
cancer survivors (IRR, 0.87; P , .01; Data Supplement).

Overall Survival After CVD Diagnosis
Five- and 8-year overall survival was significantly worse

among cancer survivors who developed CVD (75% and 60%,

respectively) when compared with cancer survivors without CVD
(87% and 81%, respectively). Similar trends were observed among
noncancer controls (P , .01; Fig 1). Among cancer survivors, the
vast majority of subsequent deaths were a result of cancer (70.5%),
followed by CVD (8.8%), neurologic disorders (4.1%), and pul-
monary disorders (3.5%). Multivariable regression analysis
adjusting for age, sex, race/ethnicity, and cancer stage revealed a
3.78-fold risk of all-cause mortality in cancer survivors who
developed CVD when compared with those without CVD (IRR,
3.78; 95% CI, 3.55 to 4.01; P , .01). This risk remained elevated
after additional adjustment for CVRFs, overweight/obesity, and
smoking history (IRR, 1.65; 95% CI, 1.55 to 1.75; P , .01).
Subanalysis by cancer type revealed poorer survival rates among
those who developed CVD across nearly all cancer survivor
populations (Data Supplement).

DISCUSSION

In this community-based, retrospective cohort study of 36,236
2-year cancer survivors, we found an increased risk (IRR, 1.70 to
1.13) of CVD (ischemic heart disease, stroke, or cardiomyopathy/
heart failure) in patients diagnosed with breast, lung/bronchus,
multiple myeloma, and non-Hodgkin lymphoma, when compared
with age-, sex-, and ZIP code–matched noncancer controls.

Table 3. Calculated Crude and Adjusted (Age, Sex, Race/Ethnicity) CVD IRRs by Cancer Type and CVRF (Hypertension, Diabetes, Dyslipidemia) for Cancer Survivors
and Comparison Controls

Cancer Type

Crude IRR Adjusted IRR

IRR 95% CI P IRR 95% CI P

Breast
Noncancer comparison, , 2 CVRF 1.00 (Ref) — 1.00 (Ref) —

Cancer survivor, , 2 CVRF 2.41 2.22 to 2.62 , .01 1.79 1.64 to 1.95 , .01
Noncancer comparison, $ 2 CVRF 1.30 1.19 to 1.43 , .01 1.33 1.21 to 1.46 , .01
Cancer survivor, $ 2 CVRF 2.52 2.28 to 2.78 , .01 1.87 1.69 to 2.07 , .01

Kidney
Noncancer comparison, , 2 CVRF 1.00 (Ref) — 1.00 (Ref) —

Cancer survivor, , 2 CVRF 1.53 1.20 to 1.93 , .01 1.15 0.90 to 1.46 .27
Noncancer comparison, $ 2 CVRF 1.01 0.75 to 1.36 .96 1.08 0.80 to 1.46 .61
Cancer survivor, $ 2 CVRF 2.19 1.71 to 2.80 , .01 1.83 1.42 to 2.35 , .01

Lung and bronchus
Noncancer comparison, , 2 CVRF 1.00 (Ref) — 1.00 (Ref) —

Cancer survivor, , 2 CVRF 1.74 1.45 to 2.08 , .01 1.46 1.22 to 1.75 , .01
Noncancer comparison, $ 2 CVRF 1.94 1.57 to 2.40 , .01 2.04 1.64 to 2.52 , .01
Cancer survivor, $ 2 CVRF 2.49 1.95 to 3.17 , .01 2.29 1.79 to 2.92 , .01

Multiple myeloma
Noncancer comparison, , 2 CVRF 1.00 (Ref) — 1.00 (Ref) —

Cancer survivor, , 2 CVRF 1.47 1.07 to 2.01 .02 1.28 0.93 to 1.77 .13
Noncancer comparison, $ 2 CVRF 1.70 1.17 to 2.47 .01 1.74 1.20 to 2.53 , .01
Cancer survivor, $ 2 CVRF 2.74 1.92 to 3.91 , .01 2.59 1.81 to 3.71 , .01

Non-Hodgkin lymphoma
Noncancer comparison, , 2 CVRF 1.00 (Ref) — 1.00 (Ref) —

Cancer survivor, , 2 CVRF 1.92 1.59 to 2.31 , .01 1.45 1.20 to 1.75 , .01
Noncancer comparison, $ 2 CVRF 1.42 1.15 to 1.75 , .01 1.39 1.13 to 1.72 , .01
Cancer survivor, $ 2 CVRF 2.62 2.09 to 3.28 , .01 2.12 1.69 to 2.65 , .01

Ovary
Noncancer comparison, , 2 CVRF 1.00 (Ref) — 1.00 (Ref) —

Cancer survivor, , 2 CVRF 2.11 1.49 to 2.98 , .01 1.47 1.03 to 2.09 .03
Noncancer comparison, $ 2 CVRF 1.36 0.94 to 1.96 .11 1.54 1.06 to 2.23 .02
Cancer survivor, $ 2 CVRF 2.83 1.90 to 4.22 , .01 2.00 1.33 to 3.00 , .01

Abbreviations: CVD, cardiovascular disease; CVRF, cardiovascular risk factors; IRR, incidence rate ratio; Ref, reference.
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Interestingly, long-term survivors of prostate cancer had a lower
CVD risk (IRR, 0.89), and there was no increase in risk among
survivors of bladder, colon, melanoma, rectum/rectosigmoid,
thyroid, and uterine cancers. Moreover, cancer survivors who
developed CVD had significantly worse all-cause mortality when
compared with cancer survivors without CVD. The findings from
the current study speak to the importance of strategies to improve
cardiovascular health in at-risk survivors long after completion of
cancer therapy.

For the current study, we relied on diagnosis/procedures
routinely recorded in a large integrative health care system that
includes members who are broadly representative of the residents
in southern California.22 Health-related outcomes were captured
from a variety of health care delivery settings (inpatient and
outpatient, primary and subspecialty care). Importantly, cancer
survivors included in the current study continued to receive their
primary and subspecialty care at KPSC well beyond their cancer
diagnosis (5- and 10-year retention rates, 81% and 70%,
respectively), providing us with reliable estimates of long-term
CVD risk. This is in contrast to previously published reports from
clinical trials7-10 or SEER-Medicare databases11-14 that may not be
as representative of patients receiving cancer care in the United
States. In the current study, cancer survivors with CVD had sig-
nificantly worse survival when compared with cancer survivors
without CVD, a difference that remained significant after
adjustment for cancer stage, demographics (age, sex, race/
ethnicity), and cardiovascular risk factors. Although the reasons
for these findings are not clear, previous studies have shown that
presence of CVD can markedly diminish treatment options or
planned duration of therapy at the time of cancer recurrence.27-29

Additional studies are needed to examine whether early screening
and treatment of asymptomatic CVD may prevent the onset of
clinically overt CVD with its attendant morbidity and mortality.

CVD in cancer survivors is likely to be multifactorial,
involving therapeutic exposures that may compromise the car-
diovascular system, as well as comorbidities and lifestyle factors
that may increase long-term CVD risk.30,31 This is reflected by the
varying magnitudes of risk by cancer type as well as by CVD

subtype observed in our study. With regard to therapeutic
exposures, anticancer agents such as anthracycline chemotherapy,
radiation to the heart and related blood vessels, and targeted
therapies such as anti–human epidermal growth factor receptor 2
therapy (ie, trastuzumab) are established risk factors for CVD in
breast cancer and lymphoma survivors.30-32 However, there is a
paucity of this information for survivors of ovarian cancer,
multiple myeloma, carcinoma of the lung/bronchus, and kidney
cancer. Although this analysis did not include treatment infor-
mation, the association between cancer stage and subsequent CVD
risk, coupled with the lack of association with surgery alone,
suggests a role for therapeutic exposures in the development of
CVD. It is important to note that our analyses were considered
exploratory and that additional work is needed to examine the
potential impact of established or emerging (eg, kinase inhibitors,
targeted therapies) therapeutic exposures on long-term CVD risk.

Our findings in the prostate cancer population are admittedly
counterintuitive. There is considerable debate regarding the risk of
CVD as a result of androgen-deprivation therapy (ADT) in
prostate cancer survivors.33 ADT is typically reserved for patients
with advanced-stage disease and can result in metabolic aberra-
tions during treatment such as insulin sensitivity and changes in
lipid profiles.33 A recent population-based study15 examining the
risk and timing of CVD after ADT found a nearly two-fold risk of
CVD 6 months after initiation of ADT when compared with the
general population. However, this risk subsided with time, and
there was no reported increase in risk beyond 2 years. Our study
was limited to $ 2-year prostate cancer survivors, supporting the
lack of observed increase in late CVD risk. However, we found a
lower risk of CVD in patients with low-stage disease, potentially
representing a subset of individuals who are more likely to undergo
routine screening for early detection of prostate cancer and hence
more likely to be engaged with the health care system for preventive
care.34

In the current study, cancer survivors were significantly more
likely to have CVRFs such as hypertension, diabetes, and dysli-
pidemia when compared with matched controls. Overall, survivors
who developed multiple CVRFs were at an especially high risk of
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Fig 1. All-cause mortality in cancer sur-
vivors and noncancer comparison cohort by
cardiovascular disease (CVD) status.

1128 © 2016 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Armenian et al



developing CVD. The findings from the current study are con-
sistent with a number of cohort studies of childhood cancer5,35

and adult hematopoietic stem-cell transplantation survivors36,37

that have highlighted the modifying role of these conditions on
CVD risk. For the current study, it is important to note that the
higher prevalence of CVRFs did not fully explain the increased
incidence of CVD among cancer survivors because these con-
ditions were included in the multivariable regression analyses that
examined CVD risk. Additional studies are needed to examine the
complex interaction between cancer treatment, lifestyle behaviors,
and comorbidities on long-term CVD risk. Information obtained
from these studies may help set the stage for the development of
predictive models for identifying high-risk individuals for targeted
surveillance, as well as aggressive management of CVRFs.

The limitations of observational studies using electronic
health records such as ours cannot be ignored. Studies have shown
that ICD-9 coding for CVD among patients with cancer may
include a substantial proportion of false-positive diagnoses
(positive predictive values, 69% to 81%),38,39 attributed to
increased screening for CVD in at-risk patients. However,
screening for CVD is likely to occur before initiation of treatment
and continue through the immediate post-treatment period. For
the current study, we were interested in describing the risk of new-
onset CVD occurring well-beyond the immediate post-treatment
period. As such, individuals who had a history of CVD at the time
of their cancer diagnosis or within 2 years of their diagnosis were
excluded from the study. Recognizing the potential for screening
bias in cancer survivors, we limited our case definition of CVD to
clinically overt disease (ischemic heart disease, stroke, heart failure/
cardiomyopathy) and excluded diagnoses (ie, valvular disease,
asymptomatic atherosclerosis, arrhythmia) that may be detected
during routine screening in asymptomatic individuals. In the

current study, we did not find an increased risk of CVD across all
cancer types, and there was a lower risk among prostate cancer
survivors, suggesting that screening bias likely did not account for
all the differences between cancer survivors and the noncancer
comparison cohort.

In summary, although we found an increased risk of sub-
sequent CVD in a substantial proportion of cancer survivors, the
magnitude of this risk varied by cancer subtype as well as by the
presence of potentially modifiable risk factors. Outcomes after
onset of CVD in long-term cancer survivors seem to be especially
poor, emphasizing the need for additional studies to characterize
the treatment-specific associations with long-term CVD risk as
well as the effect of therapeutic strategies to mitigate this risk.
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